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DESCRIPTION 

Screen Printing Apparatus 
Technical Field 

This invention relates to a screen printing apparatus. More particularly, it 
relates to a screen printing apparatus in which, in screen printing cream solder, it is 
possible to prevent part of the cream solder from flowing substantially at right 
angles to the moving direction of a squeegee to leak out from both ends of the 
squeegee. 

The present invention contains subject matter related to Japanese Patent 
Application JP 2003-299267 filed in the Japanese Patent Office on August 22, 2003, 
the entire contents of which are incorporated herein by reference. 
Background Art 

When mounting electronic components on a circuit substrate, in assembling 
an electronic circuit, a technique is used which comprises bondhg a copper foil to 
the surface of a substrate of an insulating material, as a circuit substrate, forming a 
preset interconnect pattern by etching, mounting electronic components thereon, 
and soldering electrodes or terminals for the electronic components to lands for 
connection of the interconnect pattern of the circuit substrate. For connecting the 
electrodes of these electronic components to the lands for connection of the circuit 
substrate, cream solder is used. 
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That is, cream solder is printed and deposited at preset positions on the 
surface of the circuit substrate, provided with electrical interconnections, using the 
technique of screen printing. The electronic components are mounted in position 
thereon, and the circuit substrate, having the electronic components loaded thereon, 
is introduced into a reflow furnace. The cream solder is melted by heat in the reflow 
furnace, whereby the electrodes of the electronic components are soldered to the 
lands for connection of the circuit substrate. Thus, for the manufacture of the 
electronic circuit, it is necessary to provide a screen printing apparatus for applying 
the cream solder on the circuit substrate by the screen printing technique. 

An example of such a screen printing apparatus will now be explained with 
reference to Figs.l and 2. A conventional screen printing apparatus 100 includes a 
squeegee assembly 1 10, in which a squeegee 104 is mounted to a squeegee holder 
101 by a squeegee retainer 106, and in which a solder leakage guide 102 is mounted 
on both ends of the squeegee to the squeegee holder 101. In printing a cream solder 
105, a printing substrate 107 is contacted with the back surface of a screen 103 and 
subsequently the squeegee assembly 1 1 0 is caused to descend to compress the 
squeegee 104 against the screen 103. The squeegee assembly is actuated along the 
direction of printing to cause the squeegee 104 to slide on the screen 103, in order 
to print the cream solder 105, lying on the screen 103, onto the screen 103. The 
cream solder 105 is charged in a printing opening area in the screen 103 and printed 
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on the printing substrate 107. It is noted that the printing opening area is an opening 
formed in the screen for printing the cream solder 105 on the printing substrate 107. 

Since the cream solder 105 is high in viscosity, it becomes twisted between 
the screen 1 03 and the squeegee 1 04, as the squeegee 1 04 sweeps during the 
printing. The cream solder flows in a direction alongarrow G in Fig.l, 
perpendicular to the moving direction, as the cream solder is rolled along the 
printing direction on the printing substrate 107, with the cream solder then leaking 
out to outside the width of the squeegee, along the direction of an arrow H in Fig.l, 
that is, to outside the printing area. The solder leakage guide 102 is provided for 
preventing the cream solder 105 from leaking to outside the printing area. Other 
measures for combating the leakage are taken, such as providing a mechanism for 
raking the cream solder towards the inner side on both ends of thesqueegee, for 
reducing the amount of the cream solder 105 extruded and discharged from both 
ends of the squeegee during the squeegee driving, or providing an enlarged portion 
extending laterally from the squeegee. Examples of these measures for preventing 
leakage of the cream solder are disclosed in the JP Patent Laid-Open Publication 
JP-Hei-8-39766 (Patent publication 1) and the JP Patent Laid-Open Publication 
JP-2000- 136678 (Patent publication 2). 

As means mounted to both ends of thesqueegee for prohibiting solder 
leakage there are known a guide for contacting the solder leakage guide 1 02 to the 
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screen 103 and a guide for providing a certain clearance between the solder leakage 
guide 1 02 and the screen 1 03. However, as the number of printed paper sheets is 
increased, it can hardly be avoided that the cream solder 105 becomes twisted 
between the screen 103 and the squeegee 104 and extruded to outside the squeegee 
to leak out from the solder leakage guide 102. 

Moreover, with the technique disclosed in Patent Publication 1 , the squeegee 
itself becomes complex in structure to raise the cost. In addition, with this technique, 
there is a risk that, when the squeegee 104 is uplifted on the termination of printing, 
the solder becomes affixed, as at 108, to the inner lateral side of the solder leakage 
guide 102, as shown in Fig.3, this affixed solder 108 being then clinched between 
the solder leakage guide 102 and the screen 103 to leak to outside the printing area, 
as leakage solder 109, when the squeegee 104 is lowered for the next printing. The 
affixed solder 108, affixed to the solder leakage guide 102, and the leakage solder 
1 09, leaked from the guide, become oxidized and unusable withthe lapse of time 
- and hence, are discarded. This discarded solder leads to a raised production cost and 
a wastage of resources, while raising significant pollution problems if the 
processing for disposal is taken into account. 
Disclosure of the Invention 

It is an object of the present invention to provide a novel screen printing 
apparatus free of the above described deficiencies of the conventional screen 
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printing apparatus. 

It is another object of the present invention to provide a screen printing 
apparatus in which, in screen printing a paste-like coating agent, it is possible to 
prevent part of the coating agent from flowing at right angles to the sweep direction 
of the squeegee to leak out from both ends of the squeegee to outside the printing 
sphere. 

The present invention provides a screen printing apparatus in which a 
squeegee mounted at an angle to the sliding direction is slid on a screen to force a 
paste-like coating agent, supplied on the screen, to a substrate provided in contact 
with the underside of the screen, via an opening formed in the screen. Theapparatus 
comprises at least one partitioning means mounted substantially upright to a contact 
slide surface between the squeegee and the screen, and a coating agent leakage 
prohibiting means provided to both ends of saidsqueegee and having a coating 
agent control guide inclined towards the center of a printing sphere as defined by 
the width of the squeegee. The coating agent leakage prohibiting means has a site of 
contact with the screen fitted with an elastic material. The partitioning means 
prevents the cream solder from becoming twisted between the screen and the 
squeegee with a sliding movement of the squeegee and from being moved in 
fluidity on the screen in a direction substantially at right angles to the sliding 
direction. The solder leakage prohibiting guides prevent the cream solder from 
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leaking in fluidity to outside a printing sphere determined by the squeegee width. 

The squeegee and/or the coating agent control guide are preferably of a 
curved surface facing a printing area with a curved surface. The partitioning means 
is preferably inclined at a preset angle relative to the sliding direction. The elastic 
member may be of a resin material. 

In the screen printing apparatus of the present invention, cream solder is used 
as a coating agent, while a circuit substrate is used as a substrate. The screen 
printing apparatus of the present invention is used for printing cream solder on a 
printed wiring board. 

In the screen printing apparatus of the present invention, in which the 
squeegee is provided with the partitioning means and with the coating agent leakage 
prohibiting means, it becomes possible to prevent the phenomenon in which the 
coating agent becomes twisted between the screen and the squeegee to pass in 
fluidity on the screen in a direction substantially at right angles to the sliding 
direction to leak out to outside the printing sphere externally of the squeegee width. 
Since the solder leakage prohibiting guides are provided to the coating agent 
leakage prohibiting means, the coating agent, affixed to the inner lateral sideof the 
coating leakage prohibiting means, is returned to the printing sphere when the 
squeegee is uplifted on termination of the printing, so that there is no risk of the 
coating agent, sandwiched between the coating agent leakage prohibiting means 
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and the screen, leaking to outside the printing sphere when thesqueegee descends 
for the next printing. This reduces the cost incurred by the coating agent not used 
for printing and discarded as being unusable. 

Moreover, if, with the screen printing apparatus of the present invention, the 
squeegee and/or the coating agent control guide includes curved surfaces facing the 
printing sphere with concave surfaces, the coating agent may be returned to the 
printing sphere more smoothly. 

Furthermore, if, with the screen printing apparatus of the present invention, 
the partitioning means is inclined at a preset angle relative to the sliding direction, 
and the squeegees facing each other are reciprocated on the screen to force the 
coating agent onto the substrate, the coating agentthat becomes twisted between the 
squeegees, is rendered uniform in the printing sphere to remove patches in coating. 

Other objects and advantages of the present invention will become more 
apparent from the following explanation of preferred embodiments, which will now 
be made with reference to the drawings. 
Brief Description of the Drawings 

Fig. 1 is a front view showing a squeegee part of a conventional screen 
printing apparatus. 

Fig.2 is a cross-sectional view taken along line II-II of Fig.l . 

Fig.3 is a side view showing the state in which solder becomes affixed to the 
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inner lateral side of a solder leakage guide when uplifting the squeegee on the 
termination of printing by the conventional screen printing apparatus. 

Fig.4 is a side view showing a cream solder printing apparatus according to 
the present invention. 

Fig.5 is a perspective view showing a squeegee assembly as used in the 
cream solder printing apparatus. 

Fig.6 is a front view showing the squeegee assembly from the sliding 
direction. 

Fig.7 is a cross-sectional view taken along line VII- VII of Fig.6. 

Fig.8 is a cross-sectional view taken along line VIII- VIII of Fig.6. 

Fig.9 is a side view showing the state of the cream solder affixed to a solder 
control guide when the squeegee is raised in its position. 

Fig. 10 is a front view showing a modified squeegee assembly of the present 
invention from the sliding direction. 

Fig.l 1 is a cross-sectional view taken along line XI-XI of Fig. 10. 

Fig. 12 is a cross-sectional side view showing the flowing state of the cream 
solder in a case where comb blade members are tilted a preset angle relative to tie 
sliding direction as indicated by arrow A in Figs. 7 and 8. 
Best Mode for Carrying out the Invention 

A screen printing apparatus, embodying the present invention, is a cream 
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solder printing apparatus for a printed wiring board for applying cream solcfer to a 
land for connection of an interconnect pattern on acircuit substrate, and it si a 
mechanism for reducing the amount of runover of the solder to outside the printing 
sphere from both ends of the squeegee of the cream solder printing apparatus. In the 
present embodiment, twisting of the solder between the squeegee and the screen 
and the flowing thereof to outside the printing area by the sliding motion of the 
squeegee may be controlled by the comb blade members. In addition, a solder 
leakage prohibiting guide is provided on each side of the squeegee, and a solder 
control guide is provided to the solder leakage prohibiting guide to shift an end part 
of the solder on elevation of the squeegee towards the printing area, such as to 
prevent the solder affixed to the solder leakage prohibiting guide from leaking to 
outside the printing area. 

Referring to the drawings, a cream solder printing apparatus 1 according to 
the present invention will be explained in detail. The smallest essential portions of 
the screen printing apparatus of the present invention, shown in Fig.4, are shown in 
Fig.l. The cream solder printing apparatus 1 includes a delivery conveyor 1 1, a 
conveyor belt 12 and a discharge conveyor 13, as a structure for deliveryof a circuit 
substrate 51 into the inside of the cream solder printing apparatus 1 and discharge 
thereof out of the apparatus. The apparatus also includes a screen 2 1 , a frame 22 for 
securing the screen 21, another frame 23 for supporting the frame 22, a base 31, 
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having movable parts, and a squeegee assembly 30, provided with squeegees 33a, 
33 b, which are provided facing each other at both ends of the base, as amechanism 
for printing the cream solder on a circuit substrate. 

The operation of the cream solder printing apparatus 1 , constructed and 
designed as described above, now will be explained. Initially, the delivery conveyor 
1 1 and the conveyor belt 12, shown in Fig.4, are actuated for introducing thecircuit 
substrate 51 onto the conveyor belt to halt thecircuit substrate at a preset location. 
The conveyor belt 12 is halted simultaneously. The circuit substrate 51 then is 
adjusted and corrected in its position and raised in the direction indicated by arrow 
F in Fig.4 until the screen 2 1 is contacted with thecircuit substrate 5 1 . In this state, 
the squeegees 33a, 33b are caused to sweep on the screen in the direction indicated 
by arrow F in Fig.4 to print a cream solder 52. After the end of the sequence of the 
printing operations, thecircuit substrate 51 is separated from the screen 21 and 
lowered as far as the conveyor belt 1 2, which conveyor belt 1 2 isthen actuated 
together with the discharge conveyor 13 to eject thecircuit substrate 5 1 for which 
the solder printing has come to a close. 

The squeegee assembly 30 of the present invention now will be explained 
with reference to Figs. 5 to 9. The squeegee assembly 30 represents an essential 
component for applying the cream solder to thecircuit substrate, and it includes a 
squeegee holder 32, a squeegee 33 and a squeegee retainer 34. The squeegee holder 
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32 includes an inclined surface SO along the sliding direction indicated by arrow A 
in Fig.5. The squeegee 33 is mounted on this inclined surface SO by the squeegee 
retainer 34. The squeegee assembly 30 is mounted via a drivingpart to the main 
body unit of the cream solder printing apparatus, in a manner not shown. During the 
sliding movement, the squeegee 33 is thrust under a preset pressure against the 
screen 2 1 . Hence, the squeegee 33 is thrust at a preset angle of inclination under a 
preset pressure as it is sweeps on the screen 21 in the direction indicated by arrow 
A in Fig.2. 

When the squeegee assembly 30 is driven, the squeegee 33 is slid on the 
screen to stretch the cream solder 52, which is supplied to the screen 21, on the 
screen 21 by the squeegee 33, so as to be applied to the circuit substrate 51 arranged 
in contact with the underside of the screen 2 1 through the opening in the screen 2 1 . 

According to the present invention in particular, there are provided a plural 
number of, herein three, comb blade members 35 and a plural numbey herein two, 
of end solder leakage prohibiting guides 36 in thesqueegee assembly 30 of the 
cream solder printing apparatus 1. The comb blade members 35 partition the cream 
solder 52 on the screen 21 into plural sections in a direction substantially 
perpendicular to the contact slide surface of thesqueegee 33 and the screen 21, in 
order to control the phenomenon in which the cream solder 52 becomes twisted 
between the screen 21 and the squeegee 33 with the sliding of the squeegee 33 to 
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flow in the direction substantially at right angles to the sliding direction on the 
screen 21, as indicated by arrow B in Fig.6. 

The comb blade members 35 are provided so as to leave a small clearance 
between it and the screen 21, as shown in Fig.8. The reason is that, if the comb 
blade members 35 are contacted with the screen 21, printing is inhibited where 
there is a screen opening directly below the comb blade member 35. Even ifa 
design is made so that no screen opening is provided directly below the comb blade 
member 35, it becomes necessary to control the amount of cream solder supplied 
from one partition to another.lt is because the amount of cream solder 52 used 
(consumed) differs depending on the area of the screen opening, so that, in case the 
partitioning provides for complete closure, that is, in case the comb blade members 
35 are designed to sweep in sliding contact with the screen 21, it becomes necessary 
to control the supply quantity of the cream solder from one section to another. 
Hence, it is necessary to provide a spacing between the comb blade members 35 
and the screen 21 via which the cream solder 52 may flow between the partitions, as 
the cream solder is suppressed from flowing to outside the printing area. Meanwhile, 
the number of the comb blade members 35 is not limited to three as shown. 

The solder leakage prohibiting guides 36 are providedat both ends of the 
squeegee 33 and are each provided with a solder control guide 37. Since the solder 
control guide 37 is inclined towards inside, that is, towards the center of the printing 
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area delimited by the width of the squeegee, with respect to a normal line drawn to 
the planar surface of the screen 21, as shown in Fig.6 and 9, the cream solder 52, 
moved in fluidity in the direction indicated by arrow B in Fig.6, is pushed back by 
this solder control guide 37 towards the printing area, so as to prevent the cream 
solder 52 from leaking to outside the printing area externally of the squeegee width. 
In addition, when the squeegee is uplifted in the direction indicated by arrow C, the 
solder which has become affixed to the inner lateral side of the soldercontrol guide 
is returned by the solder control guide 37, so as to be accumulated to a low height 
within the printing area. Hence, there is no risk that, when the squeegee performs a 
downward movement for the next printing,the cream solder is captured between the 
solder leakage prohibiting guides 36 and the screen 21 to leak out of the printing 
sphere. 

It is noted that the contact site of the solder leakage prohibiting guides 36 
with the screen 21 is protected by an elastic material. In this manner, not only is the 
surface of the screen 21 not damaged on contact with the solder leakage prohibiting 
guides, but also the elastic material is intimately contacted with and slides in 
intimate contact with the screen 21, by the squeegee assembly 30 being thrust under 
a preset pressure, with the result that there is no room for leakage of the cream 
solder 52. 

According to the present invention, the solder control guide 37 and the 
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squeegee 33 may present curved surfaces facing each other with concave facing 
sides in the printing sphere, as shown in Figs. 10 and 1 1 . The curved surfaces may 
be designed so as to eliminate an angle defined between the squeegee 33 and the 
squeegee retainer 34, that is, an angle defined between the surfaces SI and S2,as 
shown in the side view of Fig.7. By so doing, it is possible to avoid theapparatus 
becoming substantially unusable by providing for a better state of twisting of the 
cream solder and by preventing the cream solder 52 from being accumulated in a 
space created by the squeegee 33 and the squeegee retainer 34, that is, between the 
surfaces SI and S2 in Fig.7. 

The comb blade members 35 may be angled, that is, inclined, at a preset 
angle relative to the sliding direction indicated by arrow A in Figs. 7 and 8. In 
particular, if the squeegees 33a, 33b are provided facing each other to perform 
printing as the squeegees perform reciprocating movement, and if the comb blade 
members 35 are inclined at a preset angle with respect to the sliding direction, as 
indicated in Fig.4, the cream solder, subjected to a twisting movement between the 
squeegees, passes in fluidity in the directions indicated by arrows D or E in Fig. 1 2 
when the squeegee assembly 30 is reciprocated in the directions indicated by 
arrows A and A' in Fig. 12, with the result that the cream solder may be rendered 
uniform in the printing sphere to remove the riskof the cream solder being supplied 
in irregular quantities. 
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According to the cream solder printing apparatus 1 of the present invention, 
in which it is possible to prevent leakage of the solder to outside the printing sphere, 
it is possible to reduce the wasteful cost incurred by the cream solder which has so 
far been discarded because it has become oxidized and unusable for printing. 

It is to be noted that the present invention is not limited to the embodiments 
described above with reference to the drawings, and various changes, substitutions 
or equivalents may be attempted within the scope of the invention as defined in the 
claims. 

Industrial Applicability 

The present invention may be applied to any apparatus for screen printing in 
which a coating agent is supplied to a printing opening in a screen by a slide 
movement of the squeegee for printing on a substrate provided in contact with the 
underside of the screen, without being limited by the type of the coating agent or 
the mode of the substrate. 
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